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BACKGROUND OF THE INVENTION 

This invention relates to the recovery of metals from jarosite-containing 
materials. 

The leaching of certain metals, e.g. silver (Ag), lead (Pb) and zinc (Zn) using 
brine leaching, is well known. ^^'^'^'"^'^^ The ease of solubilising these metals 
depends on the refractory nature of the material treated. 

To improve recoveries from refractory materials by brine leaching, a combined 
high temperature oxidation process in combination with acidic brine leaching 
has been proposed.^"*^ A concentrate containing silver, mostly in sulfide 
minerals, yielded only 50 % Ag dissolution in a FeCb brine leach. By leaching 
the concentrate at temperatures above 100°C with a high oxygen partial 
pressure in an acidic NaCI or CaCb medium, the Ag recovery was increased 
to above 95 %. 

Brine leaching alone is not effective in solubilising metals included in or 
encapsulated by jarosite or other similar iron hydroxy sulfate compounds 
since these compounds must first be decomposed. 

Decomposition of jarosites in alkaline medium is well known. Jarosites 
produced during pressure leaching of zinc concentrates were decomposed by 
treating the residues with a lime slurry at 90°C.^^^ The following reactions 
were proposed to describe the reactions for hydronium jarosite, 
plumbojarosite and argentojarosite respectively: 
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H30Fe3(S04)2(OH)6 + 2Ca(OH)2 + H2O 3Fe(OH)3 + 2CaS04.2H20 
PbFe6(S04)4(OH)i2 + 4Ca(OH)2 + 8H2O ^ 6Fe(0H)3 + Pb(0H)2 + 

• * 

4CaS04.2H20 

AgFe3(S04)2(OH)6 + 2Ca(OH)2 + 4H2O ^ 3Fe(OH)3 + AgOH + 2CaS04.2H20 

After liberation, Ag was subsequently recoverable by cyanidation.^^ 

Destruction of jarosites produced in pressure leaching using lime at 85°C to 
90°C using an approximately stoichiometric quantity of lime, followed by 
cyanidation, improved Ag recoveries from less than 5 % to more than 97 %/®^ 

NaOH has also been used to facilitate alkaline decomposition of jarosite-type 
materials before cyanidation.^®^ 

Leaching of jarosite-containing materials in an acidic brine medium of CaCb at 
a temperature above the boiling point of the solution and elevated pressures, 
in the presence of lime or another suitable alkali to maintain the pH between 
1.5 and 3,5, has been proposed to recover metals from jarosite/®^ Although 
this method was successful to recover Ag and Pb from jarosites the use of 
high pressures and temperatures is not always desirable. 

It seems obvious that if metal recovery from jarosites is required, an alkaline 
pretreatment followed by cyanidation is a generally accepted and suitable 
method. However, cyanide has environmental disadvantages, and in some 
cases, cyanide consumption is too high for such a process to be economical, 
particularly in the presence of base metals like Cu, and sulfides. 
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Also, it is implied that jarosite-containing materials can be pretreated in an 
alkaline medium to liberate certain metals, and that once the metals are in 
suitable forms, brine leaching can be used to solubilise them. However, this 
treatment implies the use of a liquid/solid separation step between the alkaline 
decomposition stage and the acidic brine solubilisation, and additional 
process steps and costs. There would be advantages to eliminating this 
liquid/solid separation, by carrying out the alkaline decomposition in brine 
medium followed immediately by acidification to solubilise the required metals. 
Also, the alkaline decomposition step is shown to be facilitated in a brine 
solution. 

SUMMARY OF INVENTION 

The invention provides a method to dissolve metals from jarosite or other iron 
hydroxy sulfate containing material by: 

a) alkaline treatment of the material in a brine solution to facilitate jarosite 
decomposition , and 

b) acidification of the brine slurry to solubilise the liberated metals. 

The method may include the step of adjusting the pH of the brine slurry to 
remove solubilised iron or other impurities from the slurry followed by the step 
of separating the metal-containing brine solution and the solid residue from 
each other. 

The metal values can be removed from the brine solution by any appropriate 
means, e.g. cementation, ion exchange, solvent extraction, electrowinning or 
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precipitation. After metal recovery, the barren brine liquor may be recycled to 
the alkaline treatment stage. A bleed stream may be introduced to control 
impurities, and additional NaCI and water may be added on recycle to 
compensate for any losses. 

Preferably the temperature in the alkaline treatment stage is between 30°C 
and lOO^C. 

Alkali may added to the brine solution in the form of lime. NaOH, LiOH or any 
other suitable alkali, or any combination thereof. 

Preferably the brine concentration is between 100 g/l NaCI and saturation 
levels, or the equivalent of any other soluble chloride salt. 

The temperature in the acidic brine leach stage may be between 30°C and 
100°C. 

The pH of the acidic brine leach stage is preferably less than 6. 
The method may be used particularly for the recovery of silver. 
BRIEF DESCRIPTION OF THE DRAWING 

The invention is further described by way of examples with reference to the 
accompanying drawing which is a flow chart representation of the method of 
the invention. 
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Referring to the accompanying drawing, a silver and jarosite-containing 
residue (10) is typically obtained by subjecting a silver bearing material to a 
leaching process (e.g. bioleaching or pressure leaching) or by subjecting a 
silver and iron containing liquor to a precipitation process (e.g. iron removal). 

The residue is subjected to an alkaline pretreatment in brine medium (12). 
The liquid to solid ratio should be sufficient to ensure ease of operation and to 
ensure that no solubility constraints exist for the silver. The brine solution 
should contain from 1 00 g/l NaCI to saturation levels, preferably 200 g/l to 300 
g/l. The brine solution may contain various impurities, including sulfate. 
Sulfate levels of up to 10 g/l may be acceptable, but less than 5 g/l are 
expected if lime is used as the alkali. The slurry should be maintained at a 
temperature of 30°C to 100°C, preferably 50^C - 90°C. 

An alkali (14) such as lime is added to the slurry either to maintain an alkaline 
pH (>7), preferably greater than or equal to 9, and less than 13, or at a fixed 
addition based on the stoichiometry of the alkaline decomposition reaction. 

The reaction is allowed to continue for a time depending on the composition of 
the material and the reaction temperature and pH. Usually a few hours is 
sufficient but more than 24 hours may be required In some cases, particularly 
in the lower pH or temperature ranges. 

The alkaline brine slurry is then acidified (step 16) without any intermediate 
liquid/solid separation by the addition of any suitable acid (18). preferably HCI 
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or H2SO4 to a pH most suitable for the metal that is to be dissolved. For Ag, 
the pH should be less than 6 and greater than 0.1, preferably between 1 and 
3. 

The temperature of the acidic brine leach can be the same as that used in the 
alkaline pretreatment step (30°C - 100°C) and is preferably 70°C - 90°C. 

As for the alkaline pretreatment stage, the residence time required for the acid 
leaching stage is variable, but is not expected to be longer than 8 hours. 

An iron removal stage 20 may be included where the pH of the slurry is 
increased slightly by the addition of a suitable alkali 22, to precipitate iron. 
The pH should be less than 5. 

After liquid/solid separation (24) to remove the solid residue 26, Ag is 
recovered by any suitable means, in this case, cementation 28, with Fe scrap 
30. The Ag product is removed by liquid/solid separation (34) and the barren 
brine solution 36 is recycled to the alkaline pretreatment step (12). 

Part of the brine solution 36 may be removed as a bleed stream 38 to control 
impurity build up. Also it may be necessary to add NaCI (40) and water 42 to 
make up the stream recycled to the stage 12. 

Example 1 

A residue containing about 70 % of the Ag in jarosite was slurried with a 260 
g/l NaCI solution at 80**C at a liquid to solid ratio of 10:1. The natural pH of 
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the slurry ranged between 1.8 and 2.4. After leaching for 6 hours, the Ag 
dissolution was 22 %. 

This indicates that brine leaching alone is not sufficient to recover Ag from 
jarosite-type materials. 

Example 2 

A residue containing about 70 % of the Ag in jarosite was slurried with a 260 
g/l NaCI solution at 70 '^C at a liquid to solid ratio of about 7:1. Lime was 
added as a slurry to 145 kg Ca(0H)2 per ton of sample, based on a 
stoichiometric excess of 20 %, and the slurry was agitated for 2 hours. The 
slurry was then acidified to pH 2 by adding 97 kg H2SO4 per ton of sample, 
and agitated for a further 5 hours. Ag dissolution of 94 % was obtained. 

This illustrates the process of the invention using a fixed amount of alkali. 
Example 3 

A residue containing about 70 % of the Ag in jarosite was slurried with a 260 
g/l NaCI solution at 80°C at a liquid to solid ratio of about 7:1. Lime was 
added as a slurry to maintain a constant pH of 9. After 3 hours, 126 kg 
Ca(OH)2 per ton of sample had been consumed. The slurry was then 
acidified to pH 2 by adding 87 kg H2SO4 per ton of sample and allowed to 
react for a further 5 hours. Ag dissolution of 93 % was achieved. 
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This illustrates the process of the invention using a set pH during the alkali 
treatment. 

Example 4 

A residue containing about 70 % of the Ag in jarosite was slurried with a 260 
g/l NaCI solution at 70°C at a liquid to solid ratio of about 7:1. Lime was 
added as a slurry to maintain a constant pH of 9.5. After 4 hours, 181 kg 
Ca(OH)2 per ton of sample had been consumed. The slurry was then 
acidified to pH 2 by adding 100 kg H2SO4 per ton of sample and allowed to 
react for a further 5 hours. Ag dissolution of 94 % was achieved. 

This test was repeated, but excluding brine from the alkaline decomposition 
stage. After 24 hours, 83 kg Ca(0H)2 per ton of sample had been consumed. 
The slurry was then acidified by adding 54 kg H2SO4 per ton of sample and 
allowed to react for a further 5 hours. Ag dissolution of 43 % was achieved. 

This illustrates that the presence of brine in the alkaline decomposition stage 
facilitates the decomposition of jarosite. 

Example 5 

A residue containing about 70 % of the Ag in jarosite was slurried with a 260* 
g/l NaCI solution at 70°C at a liquid to solid ratio of about 7:1. Lime was 
added as a slurry to 145 kg Ca(0H)2 per ton of sample, based on a 
stoichiometric excess of 20 %, and the slurry was agitated for 2 hours. The 
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slurry was then acidified to pH 2 by adding 131 kg H2SO4 per ton of sample, 
and agitated for a further 5 hours. 

To remove Fe from the circuit, limestone was added as a solid to establish a 
pH of 3.7, The solid residue was then separated from the brine solution. 
Overall Ag dissolution of 87 % was obtained. 

This illustrates the process of the invention when an iron removal stage is 
included. 

Example 6 

The same procedure was carried out as for example 2, except that the 
temperature during alkaline pretreatment was 50°C, not 70®C. Acid 
consumption in the acid leach step was 164 kg H2SO4 per ton, and Ag 
dissolution was only 63 %. 

This example illustrates the importance of temperature in the alkaline 
treatment stage. 

Example 7 

A residue containing about 70 % of the Ag in jarosite was slurried with a 260 
g/l NaCI solution at (a) 70°C and (b) 80°C at a liquid to solid ratio of about 7:1. 
Lime was added as a slurry to maintain a constant pH of 9 for both tests, and 
the slurry was agitated until no further lime additions were necessary to 
maintain the set pH. The slurries were then acidified to pH 2 by adding (a) 82 
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and (b) 87 kg H2SO4 per ton of sample respectively, and agitated for a further 
5 hours. 

In both cases, Ag dissolution was 93 %. However, where the alkali treatment 
was done at 70°C, 7.5 hours were required to complete this stage, while at 
80^C. only 3 hours were required. 

This example illustrates the effect of temperature and time on the proposed 
process. 
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